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COVER: Component parts of a biprism device developed at NBS, and 
used in a simple, rapid method for determining the focal length of pre- 
cision lenses. Although the range of uncertainty in the values obtained 
by this method is somewhat higher than that obtained by other tech- 
niques, it still provides a degree of precision well within the tolerances 
established for nominal focal length measurements. (See page 111.) 
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BOUMAC 


a simplified general-purpose macroinstruction 
computer system 


AN APPROACH to simplified computer program- 
ming, called BOUMAC, has been developed at the NBS 
Boulder (Colo.) Laboratories by mathematicians in the 
central computation facility.* The Boulder Laboratory 
Macrosystem, BOUMAC, was programmed by John H. 
Devenney, and is an elaboration of a similar macrosys- 
tem conceived and set up about five years ago by Dr. 
Sopka of the Boulder staff. 

The basic vocabulary of a computer language con- 
sists of individual instructions (microinstructions) , 
each designed to effect a small computer operation such 
as setting the accumulator register at zero or storing a 
number in a specified memory location. Recent trends 
are toward a language using macroinstructions to re- 
duce the amount of programming. A macroinstruction 
is a single instruction which is translated by the com- 
puter system into a large number of microinstructions 
appropriate to the operation desired. An example 
would be the macroinstruction to calculate the square 
root of a number. 

The purpose of BOUMAC is to allow scientists with 
no programming knowledge to perform standard 
mathematical computations on sets of data, using the 
high-speed 7090 computer. The system is designed 
to eliminate the task of programming, thus removing 
the need for scientists to learn computer programming. 
In general, this macrosystem is an attempt to use a 
canonical format to set up the more commonly used 
macrocomputations such as matrix addition, multiplica- 
tion, inversion, solution of linear equations, eigenvalue 
calculations, and determination of mean and standard 
deviations. It will also include numerical integrations, 
linear or multilinear and polynomial least-square fitting, 
and others to be added. BOUMAC will invert a 
150X150 matrix if this is all it is being asked to do at 
that time. Similarly it will solve 150 equations in 150 
unknowns under the same conditions. Each macro- 
computation requires only that the user write a single, 
one-line instruction on a standard format sheet. 

In essence, this system substitutes computer time and 
energy for the scientist’s time and energy. It is true 
that it will run somewhat more slowly than a directly 
detailed machine language program. However, the 
peree time and cost of getting the answers are usually 
ess. 

The scientist wishing to use this new system need only 
fill out standard instruction and data sheets and take 
them to the computer scheduler for processing. He 
need only know the various mathematical operations 
which are required to obtain the information he wants 
from the data, and learn to use a simple code with 


*Details of another general-purpose computer program, 
OMNITAB, were carried in the January 1963 issue of the 
Technical News Bulletin. 
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which to specify these mathematical operations on the 
instruction form. The following list of Available In- 
structions and Operation Code has been published to 
date by the computation facility: 


Operation desired Code 
Mean, variance, standard deviation STATI 
Linear correlation CORLAT 
Solution of simultaneous equations SIMEQU 
Matrix inversion INVERT 
Determinant evaluation DETERM 
Matrix multiplication MATMPY 
Matrix transposition MATRAN 
Matrix addition MATADD 
Matrix subtraction MATSUB 
Scalar-matrix multiplication SCMMPY 
Scalar-matrix division SCMDIV 
Data preservation SAVE 
Variable input format READIN 


The user starts with an instruction form, a lined sheet 
marked off with appropriate column numbers, and, for 
each operation, places the appropriate Code word in 
columns 8 through 13 on one line. Next, starting with 
column 16 in each such line, the user inserts the “argu- 
ment string” containing the names of the arrays to be 
operated on and the amount of information to be proc- 
essed. The last item of each argument string is an 
output option flag, a 9 or 1, to indicate whether results 
of that operation are to be printed out or not. 

After completing the instruction form, the user re- 
cords the data in a standard format on data forms. 
The data form has 80 columns, allowing for eight 10- 
character data words per line. 

Outlined below are two sample problems illustrating 
the use of the instruction form. 


Problem 1. 


A typical single operation might be that of solving 
a set of simultaneous linear equations. That is, solve 


the matrix equation Ax=b for the vector x when the 
vector b and suitable matrix A are known, and print out 
the results. The appropriate instruction on the in- 
struction form would be 


SIMEQU; A, N, B, @ 


where SIMEQU is the operation to be performed, 
A isthe name of the matrix, 
N is the integral number of equations to be 
solved, 
B is the name of the constant vector, and 
—) is the printout option. 


Problem 2. 


A typical multioperation which may be solved using 
this system might be as follows: 
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(a) Add two matrices together: A+ B=C; print out. 

(b) Compute the inverse of the C matrix; suppress 
printout. ; 

(c) Multiply the transpose of C-t by a constant K; 
D=K-: (C*")T; print out. 

(d) Compute the determinant of matrix D; DET= 
|D|; print out. 

An appropriate set of instructions would be: 


(a) MATADD A, N, B, N, C, @ 
(b) INVERT CONSE 

(c) MATRAN C, N, Cl, N, @ 
(d) SCMMPY C1, IN, DN, K. 
(e) DETERM D, N, DET, ¢, 


where the names, A, B, C, D, DET, and the constant, 
K, are described in the problem statement, N is the 
number of rows/columns of the matrices, and, again, 
# or 1 are the printout options. 

The data for the above example are recorded on the 
data sheet in the following sequence (assume that the 
dimensions of the matrices are 3X3 and that the ele- 
ments of the A and B matrices are referred to as 


Q11 Aya. « Gnn3 bi, biz . . . ban respectively) : 


414 20) 3821 A22023031032033 


b31632b13b21b22b23b31b30b33. 


The elements of each matrix are recorded sequentially 
from left to right (row by row), and the first element 
of each new array starts on a new line. 

The output of the system is in the form of printed 
sheets; the data output of each separate operation is 
printed on a new page with a self-explanatory heading 
printed at the top. Instructions are printed out on a 
separate sheet. 

When the scientist picks up the output, he may also 
pick up the punched cards which were prepared from 
the instruction and data sheets for possible future use. 

Anyone interested in information concerning 
BOUMAC instructions and program decks should write 
to the Chief, Central Computation Facility, Boulder 
Laboratories, National Bureau of Standards, Boulder, 


Colo. 


Effect of Carbon-Are Intensity 


DISCREPANCIES in accelerated weathering tests of 
asphalts may be due to differences in the irradiance 
intensities that are used. Evidence for. this viewpoint 
is provided by recent experiments conducted by J. R. 
Wright, P. G. Campbell, and T. L. Fridinger of the 
organic building materials laboratory.1_ The experi- 
ments show that an increase in carbon-arc intensity 
within an accelerated weathering machine produces an 
increase in the oxidation rate, and thus the weathering, 
of the asphalts being tested. The study also indicates 
a need for a radiant-flux monitoring device in acceler- 
ated weathering determinations. 

Durability studies of asphalt building materials are 
usually carried. out under both natural and artificial 
weathering conditions. In artificial weathering ma- 
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on Asphalt Oxidation 


chines, specimens are exposed to the radiant energy 
from a carbon arc under selected exposure conditions 
of temperature, time, thermal shock, and humidity. 
While these variables have been investigated thoroughly, 
the effect of irradiance intensity from the carbon arc 
has received little attention. Many investigators have 
assumed that asphalts are insensitive to carbon-arc 
intensity if power consumption by the arc is in the range 
of 1.8 kw/hr, but this range has not been experimentally 
demonstrated to be optimum. 


Left: Power consumption of the accelerated weathering 
machine appears to level off at high-voltage adjustment 
settings. However, the relative incident radiant flux, as 
indicated by chemical dosimetry, and the oxidation rates 
of both test asphalts continue to increase. The leveling 
off, probably caused by insensitivity of the meter, indi- 
cates the need for monitoring radiant flux in accelerated 
weathering determination. Below: The effect of carbon- 
are radiation on asphalt degradation was recently investi- 
gated at the Bureau. This graph shows that the rate of 
oxidation of the two asphalts increased as the incident 
radiation from the are increased. 
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Previous Bureau experiments showed that degrada- 
tion of asphalt specimens could be accelerated if the 
specimens were in the form of thin films.* The method 
employed in these experiments involved measuring the 
infrared spectrum of the film, exposing the film to a 
source of radiant energy, and then remeasuring its 
infrared spectrum. Oxidation (a major cause of deg- 
radation) of the film was determined from the resulting 
change in absorbance in the carbonyl band (5.88 ,). 

In the present study, the same method was applied 
to determine the effect of carbon arc intensity on asphalt 
oxidation. An _ accelerated weathering machine 
equipped with a single carbon are and with tempera- 
ture and humidity controls was used. 

For the experiments, thin films were made from two 
different air-blown roofing asphalts. A set of films of 
each asphalt was exposed at each of six different radi- 
ant-energy intensities. Five intensities were obtained 
by varying the power consumption control. These 
exposures were made at 120 °F and 40 percent relative 
humidity. A sixth, higher intensity was obtained by 
moving the specimens closer to the arc. These ex- 
posures were made at 140 °F and 40 percent relative 
humidity and compared to exposures at the normal 
distance under the same conditions of temperature and 
humidity. Power consumption was used as an indica- 


Rapid Method for 


’ with a kilowatt-hour meter. 


tion of relative carbon-arc intensity and was measured 
Relative incident radiant 
flux -was measured by chemical dosimetry (potassium 
ferrioxalate-phenanthroline system). 

Results of the experiments showed that the oxidation 
rates of the specimens increased as more power was 
supplied to the arc. The power consumption of the arc 
appeared to level off at the higher settings (probably 
because of the insensitivity of the meter), but the rela- 
tive incident flux and oxidation rates continued to 
increase throughout the entire range of the machine. 
At the highest incident radiant energy flux, obtained 
by moving the specimens closer to the arc, the asphalt 
oxidation rates increased in direct proportion to the 
increase in flux. This finding indicates that the asphalt 
absorbed nearly all of the incident radiant energy and 
that most of the absorbed energy went into the oxidation 
reactions. 


‘For further technical details, see Relationship be- 
tween intensity of carbon-arc and asphalt oxidation, 
by J. R. Wright, P. G. Campbell, and T. L. Fridinger, 
ASTM Preprint No. 88A, 1963. 

* Determination of oxidation rates of air-blown 
asphalts by infrared spectroscopy, by J. R. Wright and 
P. G. Campbell, J. Appl. Chem. (London) 12, 256 
Weer Also, NBS Tech. News Bull. 46, 82 (May 


Focal Length Determination 


A BIPRISM METHOD devised by W. R. Darling of 
the refractometry laboratory provides a simple, rapid 
means for measuring the equivalent focal length of 
precision lenses. Focal-length determinations that are 
a prerequisite to the measurement of other lens proper- 
ties, such as distortion and resolution, are now being 
made with this technique. It has also proved of con- 
siderable value for quick checking of focal-length de- 
terminations arrived at by much more complicated and 
time-consuming methods.’ 

The biprism designed for use with the new technique 
was made from an optical wedge of borosilicate optical 
class, 234 in. in diameter and ground and polished to 
a 2-deg angle between the bottom and top faces. The 
wedge was cut diametrically in its principal section and 
one half was inverted with respect to the other. They 
were then fitted together, with their deviations in thick- 
ness occurring in opposite directions on the top face, 
and cemented to a flat base of ground and polished 
optical glass. This arrangement causes light passing 
through the biprism to divide into two parallel beams, 
and thus permits simple geometric calculations of lens 
focal length. 

To obtain these calculations, the biprism is mounted 
between a collimated light source and a micrometer 
microscope, and the lens under test is alined between 
the microscope eyepiece and the biprism. When the 
light source is turned on, the two parallel beams from 
the transmitting prism pass through the imaging lens. 
These beams make a fixed angle with one another, and 
cause two images to form in the focal plane of the lens. 
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The images are then viewed and photographed through 
the microscope. From the measured separation of the 
images and the known angle of deviation of the two 
beams, the equivalent focal length of the lens is then 
computed. 

The biprism method provides values considerably 
more accurate than the nominal values assigned to 
lenses by their manufacturers. Although the range of 
uncertainty in these values is somewhat higher than 
that found by the Bureau’s optical bench method, the 
technique nevertheless permits evaluations well within 
the tolerances set forth in the American Standards 
Association standards for nominal focal length. 


1For further technical details, see Biprism method 
of determining the equivalent focal length of flat field 
lenses, by W. R. Darling, J. Research NBS 66C (Eng. 
& Instr.) No. 4, 313-316 (Oct—Dec. 1962). 


Equipment used to make rapid determinations of lens 
focal lengths. Mounted on the bench are the lens under 
test (center), a micrometer microscope (eft), and a bi- 
prism assembly (right) which divides light from a colli- 
mated source (not shown) into two parallel beams. 


STANDARDS 
AND 


CALIBRATION 


Errata Sheet, Handbook 77 
AN ERROR was made in the printing of Handbook 77: Page 698/81 of Volume 3 


(Precision Measurement and Calibration: Optics, Metrology, and Radiation) was 
included twice, and page 699/82 was omitted altogether. The latter page is repro- 
duced in its entirety below: 


Circular of the Bureau of Standards 


To insure the accuracy of the last figure given in the table, greater attention must 
be given to the temperature of the barometer, to the reduction of the barometer for 
gravity, and to the relative humidity of the air. 

The temperature of the barometer must be within 2° of the temperature of the 
balance case, which is the temperature to be used; otherwise the barometer height 
may be reduced to what it would be at that temperature. 

If the local value of “‘g’’ differs from 981.288 cm/sec” by 1.000 unit, then the usual 
reduction for gravity may be made but —o.5 mm must be added to this reduction 
term in order to eliminate the reduction that is included in the table. As this gravity 
reduction term is a constant for any one locality, it need be calculated only once for 
any one place. ) 

Corrections for variations from 50 per cent relative humidity may be found in the 
appended ‘‘Humidity correction table.”” | 


TABLE 18.—Buoyancy Correction Factors for Materials of Different Densities,!® 
Milligrams per Gram 


In this table, above the diagonal line are given the buoyancy corrections per gram 
for material of several different densities, the proper correction being found at the 
intersection of the vertical column under the density of one of the materials, with the 
horizontal row corresponding to the density of the other material. The density of 
air is taken as 1.2 mg per milliliter. The differences in volume are also given below 
the diagonal line for use where 1.2 mg per milliliter is not a sufficiently close approxi- 
mation to the density of the air. 
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Density 
grams 
per milli- 21.5 21.1 8.4 8.3 7.8 7.4 2.7 2.6 
liter 
oO 2 
: EE 
2125 ees 0.00108] 0.0870 | 0.0888 | 0.0980 | 0.1063 | 0.389 | 0.406 3 20 
21.1 eS 0.0009 0.0859 | 0.0877 | 0.0970 | 0.1052 | 0.388 | 0.405 rey 
8.4 as 0.0725 | 0.0716 0.0018 | 0.0110 | 0.0193 | 0.302 0. 319 So 
8.3) 23 0.0740 | 0.0731 | 0.0015 0. 0092 | 0.0175 | 0.300 | 0.317 _a 
7.8 q q 0.0817 | 0.0808 | 0.0092 | 0.0077 0.0083 | 0. 291 0. 308 5 
7.4 = 0.0886 | 0.0877 | 0.0161 | 0.0146 | 0.0069 0. 282 My 
2.7 8 0.3239 | 0.3230 | 0.2514 | 0.2499 | 0.2422 | 0.2353 es 
2.6 A 0.3381 | 0.3372 | 0.2656 | 0.2641 | 0. 2564 | 0. 245 | 0. el ad 


19 On account of differences in the coefficients of expansion of different materials, the difference in volume 


observed or computed will not be constant, but will vary with the temperature. 


For example, ifa platinum 


and a brass weight are changed in temperature from 0° to 20° C the difference in volume of the weights 
will change by o.1 ml per kilogram and consequently the buoyancy correction will be altered by a little 
more than o.1 mg per kilogram. Errors from this source, however, are negligible for the range of accuracy 
for which this table is suitable. 
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Reporting Results of NBS Calibrations and Tests 


STARTING July 1, 1963 the Bureau made a 
change in the procedures used in reporting the results 
of calibrations and tests.’ After this date all formal 
calibration and test results will be issued in report form, 
supplemented by formal certification when required by 
law or special conditions. This modification was made 
after discussion with the NBS Advisory Committee on 
Calibration and Measurement Services and with repre- 
sentatives of industrial standards laboratories and 
manufacturing firms. 

The uniform use of a report format should have 
several desirable results. It may diminish the tendency 


1An announcement to this effect (concerning work 
done under the Test Fee Schedules) appeared in the 
Federal Register of May 21, 1963. 


Sympo 


The 1963 Symposium on Humidity and Moisture— 
Measurement and Control in Science and Industry at- 
tracted over 850 scientists and engineers from five con- 
tinents to Washington, D.C., from May 20 to 23. The 
Symposium was sponsored by NBS and the U. S. 
Weather Bureau, both agencies of the U. S. Depart- 
ment of Commerce, together with the Instrument Soci- 
ety of America, the American Meteorological Society, 
and the American Society of Heating, Refrigerating, 
and Air-Conditioning Engineers. These five organiza- 
tions joined in sponsoring the Symposium because of 
their interest in humidity and moisture, ranging from 
the meteorologist’s interest in air humidity to the en- 
gineer’s concern with humidity in cryogenic materials. 

The more than 230 papers presented in 32 sessions 
at the Symposium dealt with topics ranging from hu- 
midity standards and fundamentals, through means of 
measuring and controlling humidity and moisture, to 
specific applications. These applications varied from 
measurement of air humidity for meteorological pur- 
poses to determination of moisture in grain, an im- 
portant factor in storage. Of particular interest were 
papers on applications in biology and medicine, de- 
scribing the use of controlled humidity in treatment and 
the relationship of symptoms to humidity level. 

Moisture has always been the essential, though often 
invisible, ingredient in most processes of science, in- 
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to attach undue importance to the reporting form itself 
(certificate) rather than the information contained in 
such a document. In so doing it will be of benefit in 
the increasing number of cases when the need for ac- 
curacy requires the careful application of NBS results 
in the context of the user’s environment, technical 
personnel capabilities, and other factors. Also, the 
report format will generally include more useful dis- 
cussion and evaluation of the uncertainties involved in 
the calibration results. From this information the user 
may be better able to judge the accuracy available from 
a particular standard at any subsequent time, and thus 
be able to recognize and use, when needed, significantly 
more of the accuracy available. He may also have more 
information on which to base a decision as to when a 
recalibration is desirable. 


osium on Humidity and Moisture 
Measurement and Control in Science and Industry 


dustry, and agriculture—in fact, in virtually every field 
of human endeavor. Today humidity measurements 
are being extended to include more processes and to 
obtain more accurate values. It is now sometimes nec- 
essary to know to an accuracy of a fraction of a percent 
how much moisture is included in a cryogenic material, 
a refrigerant, or a storage enclosure. 

All five of the organizations sponsoring the Sympo- 
sium are concerned with problems of measuring and 
controlling humidity and moisture. Both the Weather 
Bureau and the American Meteorological Society deal 
with humidity measurements for weather prediction, 
including the recording and transmission of humidity 
data from unattended stations. The American Society 
of Heating, Refrigerating and Air-Conditioning Engi- 
neers is concerned with measurement and control of 
humidity not only for personal comfort but also in in- 
dustrial and agricultural processes and in the preserva- 
tion of materials. Members of the Instrument Society 
of America are interested in the design and applications 
of hygrometers, psychrometers, and other humidity 
transducers. And, finally, the National Bureau of 
Standards is faced with the need for new techniques 
in humidity measurement and for more accurate and 
easily used standards of humidity. 

The Symposium was opened May 20 with a plenary 
session presided over by W. A. Wildhack, Associate 
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Dr. J. Herbert Hollomon, Assistant Secretary of Com- 
merce for Science and Technology, delivered the key- 
note address at the opening session of the 1963 Sympo- 
sium on Humidity and Moisture. 


Director of the National Bureau of Standards and 
Chairman of the General Committee for the Symposium. 
The keynote address was delivered by Dr. J. H. Hollo- 
mon, Assistant Secretary of Commerce for Science and 
Technology. Dr. Hollomon noted that man’s advances 
in science and technology now permit him to exercise 
control over his environment, including humidity and 
moisture. He saw man’s own abilities as a neglected 
or undeveloped natural resource, noting that the num- 
ber of engineers to be graduated in the United States 
this year is the same as five years ago. The remainder 
of the plenary session was devoted to papers on basic 
concepts and material of general interest in the field 
of humidity. A second plenary session held later in 
the Symposium consisted of papers surveying the state 
of the hygrometry art in selected fields. 

At a banquet held on the evening of May 21 the 
assembly of scientists was addressed by officers of the 
five sponsoring groups. J. H. Fox, president of 
ASHRAE, described the activities of the Society, 
emphasizing the research activities it supports, such as 
studies of the effect of humidity on milk production 
and the habitability of survival shelters. He expressed 
the Society’s concern that the number of students going 
into applied sciences is dropping, although the number 
of college registrants is rising. 

The AMA was represented by its vice-president, Dr. 
Helmut E. Landsberg, who commented briefly on per- 
sonalities and instruments prominent in the history of 
humidity measurement. The wide variety of indicating 
materials used in early hygrometers was a surprise even 
to those well versed in hygrometry. 

The activities of the ISA were noted by its president, 
Nathan Cohn, who also suggested that honor is due 
Joseph Henry, the only American whose name has been 
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given to a fundamental electrical unit. Mr. Cohn 
described Henry’s concern that scientists be able to 
communicate and cooperate with each other and cited 
the present Symposium as one which would have had 
Henry’s approval. 

U.S. Weather Bureau Chief F. W. Reichelderfer dis- 
cussed humidity as being of widespread interest as a 
factor in forming the world’s weather. He described 
the World Meteorological Organization asa particularly 
effective means of transmitting useful meteorological 
data. 

NBS Director Dr. A. V. Astin noted the necessity that 
measurements made by all scientists and engineers be 
compatible and interchangeable. He emphasized the 
Bureau’s concern with devising standard measurement 
techniques that can be applied at local levels. 


Fundamentals 


The Symposium sessions devoted to fundamentals 
included papers and discussion on the fundamental 
laws, principles, and relationships governing the be- 
havior of water vapor-gas mixtures, mainly moist air, 
and on the properties of water as basic to instruments 
and processes involving humidity. With the increasing 
demand for more accurate humidity measurements, a 
need has arisen for theoretical foundations provided by 
real gas behavior, rather than an assumed ideal gas. 
The papers that were presented provided important new 
information on real gas behavior of mixtures of which 
water vapor is an important constituent, and on the 
transport and thermodynamic properties of moist air. 


Humidity-Measuring Instruments 


The water-vapor content of gases is measured by a 
wide range of instrumentation, the methods spanning 
a broad realm in the fields of physics, chemistry, and 
engineering. A major portion of the Symposium was 
devoted to important methods used in modern hygrom- 
etry. 

Three sessions were concerned entirely with electric 
hygrometry, which is employed in many areas of science 
and industry because of its high sensitivity, its use of 
small sensors, and its adaptability to recording or re- 
mote indication. Among the sensors considered were 
those based on electrolytic solutions, carbon films, poly- 
electrolytic films, ceramics, thin vacuum-deposited salt 
films, oxide films, and plastics. 

Psychrometry has a history that goes back to the 
early part of the nineteenth century. Still a major 
method for measuring the humidity of air, it finds 
extensive application in meteorology, air conditioning, 
and industry. Both theoretical and experimental papers 
treated the use of psychrometers under such unusual 
conditions as temperatures below freezing and hot, arid 
atmospheres. Other electric hygrometric instruments 
that were described included those employing the 
Peltier effect, spectroscopic methods, infrared and ultra- 
violet radiation, and, operating in another area of the 
spectrum, microwave refractometers and hygrometers. 

In dewpoint and frostpoint hygrometers, humidity is 
measured as the temperature at which dew or frost is 
deposited on a cooled surface, usually a highly polished 
mirror. Theoretical aspects of this method of measure- 
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At the Humidity and Moisture Symposium banquet, 
W. A. Wildhack (right), Chairman of the Symposium 
Committee, presents NBS Director A. V. Astin with a 
copy of the Proceedings of the 1961 Temperature Sym- 
posium, after which the present Symposium was pat- 
terned. Dr. Astin in his banquet address emphasized 
the Bureau’s role in devising standard measurement 
techniques for application at local levels. 


ment and improved versions of dewpoint and frostpoint 
instruments were described. Considerable interest was 
shown in hygrometers utilizing the Peltier effect to cool 
the mirror and in others providing high accuracy with 
automatic operation and continuous recording. 

Papers describing unusual measuring methods, 
among them a chemical technique for measurements of 
low water vapor pressure, were presented. Other 
papers described an instrument detecting the heat gen- 
erated with water absorption by a desiccant and the de- 
sign of cells that absorb and electrolyze water vapor 
for measurement of humidity as a function of the 
electrolyzing current. Critical discussions of the ad- 
vantages and shortcomings of thermal conductivity 
methods and hair hygrometers were presented in review 
papers. 

Moisture Measurements 

The latest advances in the art of measuring moisture 
in solids and liquids also had a place in the Symposium, 
since moisture critically affects the behavior of many 
materials. A session devoted to physical and chemical 
methods of measurement included papers describing 
gas chromatography, spectrophotometry, chemical ex- 
traction, and infrared analysis. Further sessions 
treated dielectric, resistive, and capacitance methods, 
as well as nuclear methods, nuclear magnetic resonance 
in particular. The papers described equipment, meth- 
ods of calibration, and typical uses and presented data 
on accuracy. 

Standards 

The sessions on humidity standards were of special 
interest to NBS staff members, several of whom pre- 
sented papers in this area, and in general to scientists 
needing accurate hygrometry devices. Two of the 
papers described for the first time the use of the gravi- 
metric hygrometer in making humidity measurements 
to a degree of accuracy suitable for the most demand- 
ing humidity calibrations. Other papers described 
pneumatic bridges developed at NBS which make pos- 
sible calibration-level hygrometric determinations as a 
function of the pressure differential across the bridge. 
Also of interest in this area were papers discussing the 
use of fixed humidity points in hygrometer calibrations. 


Applications 

The sessions concerned with the application of hu- 
midity and moisture measurements included the topics 
of meteorology, agriculture, biology and medicine, air 
conditioning, humidification and dehumidification, en- 
vironmental chambers, and radio propagation and at- 
mospheric refraction. In these sessions, particularly, 
scientists and engineers had an opportunity to learn 
about each other’s measurement problems and to ex- 
change information among widely separated fields and 
disciplines. 

The part played by humidity in meteorological 
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phenomena was covered in detail by the papers pre- 
sented. The distribution of moisture in the atmosphere 
was discussed and special techniques reported for its 
determination in the stratosphere. A _ state-of-the-art 
survey on the application of hygrometry to meteorology 
was also presented. 

Humidity and moisture are important in agriculture 
in many ways. Examples discussed were storage of 
agricultural products, particularly grain, flour, and 
tobacco; curing peanuts and tobacco; the physiolog- 
ical responses of dairy cattle to humidity; the moisture 
content of butter, dehydrated foods, and dry milk; and 
the moisture content of soils and its influence on plant 
growth. 

The session on biology and medicine included papers 
on the effects of humidity on man, plants, and biological 
systems. Humidity affects personal comfort and im- 
poses a stress on those working in hot environments; 
when controlled it can be used in treating lung dis- 
orders, for example. 

The papers presented in the area of air conditioning, 
humidity control, humidification, and dehumidification 
were of a highly practical and engineering nature. 
Typical of the problems discussed were air-conditioning 
calorimetry, moisture in small refrigerating systems, 
residential humidification, chemical dehumidification, 
moisture control in dry-cleaning solutions, monitoring 
moisture in sealed electronic modules, and humidity 
levels in environmental cabinets and chambers. 

Propagation of radio signals, observation of mis- 
sile trajectories, and monitoring of atmospheric tur- 
bulence depend to a large extent on the refractive index 
of the atmosphere which, in turn, is a function of the 
ambient vapor pressure. Reports of research in this 
area were also presented. Included were a paper on 
the potential of radio refractometry for humidity stud- 
ies and one on the use of radio refractometers to meas- 
ure water-vapor turbulence. Papers on the use of 
radio, optical, and microwave techniques for humid- 
ity measurements also were delivered. 

The papers delivered at the Symposium are being 
gathered into proceedings, to be published in three vol- 
umes by the Reinhold Pub. Corp., New York, N.Y., 


and are expected to become available early in 1964. 
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Science and Industry. 


The six articles which follow are based on papers de- 
livered by NBS scientists at the 1963 Symposium on Hu- 
midity and Moisture—Measurement and Control in 


Determining Moisture in Grain 


GAS CHROMATOGRAPHY has been adapted at 
NBS to provide an analytical method for determining 
the moisture content of industrial and agricultural prod- 
ucts.t_ In the technique devised by E. L. Weise, R. W. 
Burke, and J. K. Taylor of the applied analytical re- 
search laboratory, gas chromatography is used to sepa- 
rate and analyze a methanol-water mixture extracted 
from the moisture-containing material. Accurate to 
better than one part in a hundred of the water content 
of representative materials, the method is not designed 
for field use but should provide good laboratory control 
and a means for standardizing equipment used for field 
testing. 

Excess moisture in grain and other agricultural com- 
modities can cause spoilage as well as spontaneous 
combustion of stored products. Also, knowledge of 
moisture content is important in determining buying 
and selling prices of grain. Shipping moisture-laden 
agricultural products has been a concern of commerce 
for some time, because weight changes may occur be- 
fore, after, or even during transit. 

Several methods for determining moisture content 
in grain are in use, but none is completely satisfactory. 
One such method is based on an oven-drying procedure 
in which the loss of weight is taken as a direct measure 
of the moisture content. This method assumes that all 
the water contained in the product is removed, that no 
other materials are driven off, and that no oxidation 
products form during drying. Another method em- 
ploys a titrating reagent which must be restandardized 
frequently. 

In recent years gas chromatography has gained wide- 
spread use as a means of analyzing mixtures. Essen- 
tially the gas chromatograph consists of a column filled 
with a granular support medium coated with a liquid 
partitioning agent. When a liquid mixture is injected 
into the system, it is heated to the vapor state and then 
carried through the column by an inert gas such as 
helium. The components of such a mixture migrate 
through the column at different rates, depending on 
their individual affinities for the partitioning agent, and 
emerge in fractions (ideally consisting of single con- 
stituents) which can be detected by a suitable method. 

One form of detector is based upon the principle 
of thermal conductivity. As the gas emerges from 
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the column, it passes over a fine, electrically heated 
wire. When a constant flow of gas passes over the 
wire, the rate of heat loss by the wire is constant, 
However, a change in composition of the gas stream 
causes a change in the heat loss from the wire, thus 
changing the temperature and consequently the resist- 
ance of the wire. Changes so produced are amplified 
and plotted as a series of peaks on a chart. The area 
under a peak is proportional to the quantity of a com- 
ponent and affords a very simple and rapid method of 
quantitative analysis. Under a definite set of opera- 
tional conditions, the retention time, i.e., time at which 
the peak appears on the chromatograph, is character- 
istic of a certain component. 

In the development of the Bureau’s gas chromat- 
ographic method for moisture determinations it was 
necessary to find a suitable support medium and par- 
titioning agent that would produce methanol and 
water peaks with adequate separation and suitable 
shape. Such a combination is provided by commercial 
30-60 mesh polytetrafluoroethylene coated with a 
polyethylene glycol partitioning agent. 

Peak areas for known methanol-water solutions are 
measured by means of a planimeter to standardize the 
chromatographic procedure. This standardization, 
once determined, should hold indefinitely. 

To determine the moisture in grain, a known amount 
of anhydrous methanol is added to a weighed amount 
of grain to extract the water from it. Ten microliters 
of the extract are injected into the chromatograph for 
analysis. The relative amounts of methanol and water 
are recorded as peaks on a graph and provide a basis 
for the moisture determination. 

Recording the chromatogram and measuring the 
peak areas requires about a half hour. Extracting the 
water from the material requires additional time de- 
pending on the procedure used. If a wet-grinding pro- 
cedure is used, only a few minutes are required; but 
if room temperature extraction is employed, a day or 
more may be necessary. 

The Bureau’s chromatographic method for moisture 
determination overcomes many of the shortcomings of 
earlier laboratory methods. Not only is it highly spe- 
cific for water, but it is largely instrumental, thus elim- 
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Above: With a planimeter, E. L. Weise measures the area 
under the methanol and water curves obtained by gas 
chromatography from a water-methanol extract of grain. 
These areas, related to the quantity of moisture in the 
grain sample, provide an accurate method for moisture 
determination. Right: Weise prepares to inject a small 
amount of an alcohol-water extract from grain into the 
column of a gas chromatograph. The relative amounts 
of water and alcohol are recorded as separate peaks on 
a chart. 


inating difficult chemical techniques. Furthermore, it 
is free from the requirement of frequent restandardiza- 
tion, in contrast to the Karl Fischer titration method, 
for example. The NBS method does not eliminate the 
basic problem common to all known methods for water 
determination, namely the definition of that which con- 
stitutes the actual water content of a given type of ma- 
terial. The new method furnishes a reliable value for 
water extractable by methanol, and there is good rea- 


son to believe that this water consists of all but that 
which is chemically combined with the sample of grain. 


* For further technical details see Gas chromatography 
in the determination of moisture in grain, by E. L 
Weise, R. W. Burke, and J. K. Taylor, Proc. 1963 
Symp. on Humidity and Moisture (in press, Reinhold 
Ge Corp., New York, N.Y. To be issued in early 
964). 


VLF SYMPOSIUM 


A SYMPOSIUM concerning ionospheric prop- 
agation of very-low-frequency electromagnetic 
waves will be held at the NBS Boulder (Colo.) 
Laboratories August 12 through 14, 1963. Dis- 
cussions during the three-day meeting will be 
devoted to terrestrial VLF radio transmission and 
propagation, with emphasis on the effects of the 
ionosphere on such propagation. 

The VLF band of the radio spectrum, from 3 to 
30 kc/s, is particularly suited for use in naviga- 
tion, for long-distance communication, and for 
the precise measurement of radiofrequencies. 
However, ionospheric phenomena sometimes have 
a considerable effect on transmission accuracy 
in this band. Hence, information on _ these 
phenomena, developed since the first VLF 
Symposium held in 1957, will be presented at 
the August meeting. 

In the first session of the symposium, papers 
will be given on the formation of the D-region of 
the ionosphere, and the effects of the properties 


of this region, such as diurnal and seasonal vari- 
ations of electron densities. Papers on the ef- 
fects of the earih’s magnetic field, horizontal 
stratification of the ionosphere, mode excitation 
and height gain factors, and attenuation and 
phase velocity, will be presented in a second ses- 
sion on the theory of radio propagation. A third 
session on VLF propagation under normal and 
disturbed conditions will cover experimental ob- 
servations of VLF ionospheric reflection coeffici- 
ents, attenuation rates and excitation factors, di- 
urnal phase changes, nonreciprocity effects, solar 
flares, and high altitude nuclear explosions. 
Ceremonies have been scheduled at the time of 
the symposium to mark the official opening of 
the new NBS standard frequency and time trans- 
mitting stations, WWVB and WWVL, at a field 


site near Ft. Collins, Colo.+ 


1For further details, see Frequency and time trans- 
mission, NBS Tech. News Bull. 46, 185 (Dec. 1962). 
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Above left: Earlier version of NBS pneumatic bridge is used for measurement of humidity of gas flowing through 
it. A process taking place in an upstream arm can be determined as a function of the pressure change it causes. 
Here pressure measurements of the air passing through the bridge are used to compute humidity. Bridge elements 
(gages, nozzles, heat exchangers, and valves) are contained in cabinet; air sample enters through entrance filter 
and is drawn off to vacuum pump (not shown) via coupling at right. Above, diagram: The similarity of the pneumatic 
bridge to an electrical bridge is shown with one superimposed on the other. Nozzles Y:, X2, and Y: are analogous 
to resistances Rr, Ra, and Rs; nozzle X,; and the PROCESSOR are together analogous to the unknown resistance. 
The manometer is analogous to the galvanometer, although measuring a differential rather than identifying a null. 
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S pneumatic bridge, in which air passes in sonic flow through nozzles ar- 
guration, is used by Lewis Greenspan to measure humidity of sample gas. 
ozzles, desiccator, oil bath, and thermostatting circuitry—are contained in 
sample is determined from measurements of pressure by cistern barometer 
atial across bridge by sensitive manometer (right). Center: Pneumatic bridge 
, one of which is being placed in body of bridge. The bridge was developed 
standard of humidity, The sample gas reaches the orifice shown through 
ight), passes through a passage in the block, and then is restored to fixed 
t exchange tubing. Entire assembly is immersed in oil bath for temperature 
ted and carefully regulated to 31.00+0.03 °C. Below: Lewis Greenspan 
the exhaust side of the desiccator used in pneumatic bridge hygrometer. 
sses through one of the large desiccators (rear, left) and then through the 
eh the connection is being made. Tank below contains thermostatted oil 
es humidity content with high accuracy as a function of pressure differential 
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ae bridge branches. 


TWO MODELS of a pneumatic bridge capable of 
determining the humidity of a gas sample by pressure 
measurements have been conceived and developed at 
the Bureau. Operating principles and design details 
of the two versions, a prototype model developed by 
W. A. Wildhack, T. A. Perls, C. W. Kissinger, and J. W. 
Hayes,’ and the other, developed more recently by Lewis 
Greenspan,” were discussed in papers delivered before 
the 1963 Symposium on Humidity and Moisture.— 
Measurement and Control in Science and Industry. 
Both of these devices, which are pneumatic equivalents 
of electrical bridges, are based on a versatile instrument 
proposed earlier by Mr. Wildhack as a result of instru- 
mentation research sponsored jointly at NBS by the 
Army, the Navy, and the Atomic Energy Commission.* 
The first of the two bridges is a research instrument for 
laboratory investigations, while the Greenspan version 
is specially designed for determining humidity with 
even greater precision, and for use as a transfer 
standard. 

Humidity measurement presents problems that have 
most often been circumvented, where accuracy is not 
essential, by use of indirect methods involving meas- 
urements of variables affected by humidity (such as 
temperature or electrical resistance). Where accuracy 
is important, slow and elaborate methods involving 
complex equipment have been required. Thus there 
has been a continuing need for a device which would 
respond to humidity states in a calculable manner and 
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make precise 


HUMIDITY 
MEASUREMENTS 


by means of critical flow 
through pneumatic bridge 


which would not require repeated standardization 
against a fundamental measuring instrument. The 
pneumatic bridge meets these requirements, as it indi- 
cates humidity in terms of pressures which can be 
measured with high accuracy, the values of which are 
related mathematically to the moisture content of the 
gas sample. 


Principles of Operation 


The pneumatic bridge makes possible a variety of 
measurements when a gas is in “critical flow” through 
it, that is, when the rate of gas flow through each 
bridge constriction is determined solely by the pressure 
and temperature upstream of the constriction and is 
independent of the downstream pressure. This condi- 
tion, known as “critical flow,” occurs when the ratio 
of the throat pressure to the upstream pressure falls 
below a critical value, about 0.5 for air. 

A device for investigating a variety of conditions 
affecting gases was described by W. A. Wildhack in 
1950 (see footnote 3) ; it provides for measuring pres- 
sures of a sampled gas in critical flow through the noz- 
zles of a bridge. A pressure differential between the 
midpoints of the flow paths is observed whenever the 
gas in one branch has been changed in volume by any 
process taking place just upstream of the point of meas- 
urement in that branch. Most recently Mr. Wildhack 
and his colleagues designed a bridge using this principle 
to make humidity measurements at the Bureau. 
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The basic configuration of the pneumatic bridge is 
one in which a Steady ftow of the air sample is split at 
the input into two parallel paths, a reference branch 
and a test branch, each incorporating two constrictions, 
or nozzles. A device selectively changing the com- 
position of the gas, a desiccator or saturator in the 
case of humidity measurement, is inserted between the 
nozzles of the test branch. This creates an imbalance 
between the pressures at the entrances to the two down- 
stream nozzles; measurements of one pressure and the 
differential can then be converted to humidity. 


Prototype Bridge 


In designing a practical bridge, difficulties in the use 
of saturators led the Bureau scientists to adopt a con- 
figuration having a desiccator and bypass between the 
nozzles of the test branch. Pressure gages are used 
to measure input pressure, midpressure in the reference 
branch, and the midbranch pressure differential. Gases 
at atmospheric pressure are drawn through the bridge 
in critical flow by use of a vacuum pump at the bridge 


outlet. ; 
The optimum size and shape of the bridge nozzles 


was thoroughly studied, both by calculation of per- 
formance and by laboratory experimentation. Flow of 
moist air through small experimental nozzles (from 
approximately 0.1 mm to 0.25 mm in diameter) at low 
flow rates was sometimes found to be reduced and char- 
acterized by rapid fluctuations and slow drifts followed 
by sharp recovery. This seemed to be due to condensa- 
tion of water vapor in the bore of the nozzle. The 
effect of thermal conductivity of the nozzle material was 
determined by testing both brass and nonmetallic 
nozzles; no difference in behavior was found. 

A low-power microscope was used to observe flow 
through transparent nozzles having round and rectan- 
gular cross sections and various expansion cones (the 
part just downstream of the constriction). The con- 
densation hypothesis was verified by observation of 
drops of water forming at the nozzle throat; each grew 
in size until it was blown away. It was found that 
wider cone expansion angles produced condensation 
more readily and that introduction of contaminants, 
such as cigarette smoke, at the intake resulted in con- 
densation at the nozzle of great quantities of both water 
and contaminant components. A fritted-glass or glass- 
fiber intake filter entirely eliminated condensation due 
to smoke, apparently by removing condensation nuclei. 
For this reason an intake filter was used on the proto- 
type model of the bridge. 

Nozzles with a throat diameter of 0.047 in. (1.2 mm) 
were selected for the downstream arms, and of 0.035 in. 
(0.9 mm) for the upstream arms, giving a flow rate of 
about 13.5 liters/min through the bridge. An expan- 
sion angle of 2° was found to be optimum for all nozzles 
in this bridge. Critical flow was obtained by operating 
the sample intake at atmospheric pressure and vacuum 
pumping the exhaust; critical flow was retained even 
with a pressure drop across the absorption tubes. 
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The mathematical derivation of pressure as a function 
of relative humidity of the sample includes a number of 
parameters, such as mass flow rate, nozzle discharge 
coefficient, nozzle throat areas, system entrance pres- 
sure, ratio of specific heats of the sample and desiccated 
gases, the temperatures at the entrance and midpoint of 
the system, and the composition and molecular weight 
of the gases. Most of these are constants for normal 
humidity measurements, so that for a given tempera- 
ture and inlet pressure the relative humidity is almost 
directly proportional to the differential pressure. In 
practice, corrections need be made only for variation 
of temperature. 

Humidity can be determined directly from measure- 
ments of bridge pressures, temperature, and atmos- 
pheric pressure to a high level of accuracy by use of the 
formula. The accuracy of the method was determined 
by checking the computed calibration of the experi- 
mental model against the output of an NBS pressure- 
humidity generator. The calibration curve obtained 
in this manner showed an average discrepancy of only 
0.3 percent, which was within the uncertainty of the 
humidity generator in use at that time. This estab- 
lished the accuracy of the computed calibration and the 
measurement reproducibility as better than +0.5 per- 
cent relative humidity. 


Transfer Standard 


The same configuration, with refinements in many 
aspects of design, was used by Lewis Greenspan of the 
Bureau’s instrumentation laboratory in developing a 
precision model of the pneumatic bridge (see footnote 
2). The differences between the two versions stem from 
the fact that the Greenspan version was designed pri- 
marily to make humidity measurements with great 
accuracy and to be used as a transfer standard. 

The four arms of the Greenspan bridge consist of 
passages drilled through a stainless steel block, into 
each of which a nozzle is inserted. Each nozzle consists 
of a small hole drilled through a 5 in. (16 mm) diam 
stainless steel disk, which is clamped into a shallow 
recess at the entrance to its bridge arm. The clamp 
forms part of the flow path, having a stem for connec- 
tion to tubing. 

Pressures in this bridge are measured at piezometer 
rings, each a manifold encircling the flow tube just up- 
stream of the second nozzle of each branch and con- 
nected with the inside of the tube through eight radial 
0.016 in. (about 0.4 mm) holes. This type of pressure 
tap introduces minimal error without causing a large 
time lag. The pressures are read by means of a mer- 
curial barometer of 0.05 mm Hg sensitivity connected 
to one of the piezometer rings, and the differential pres- 
sure by means of a moving-cistern manometer contain- 
ing oil, to attain a sensitivity of about 0.001 mm Hg. 

Moisture is removed between the nozzles of the test 
branch in passing through a two-stage absorption train. 
Most of it is removed in the first absorption tube, a 
large one of about 1.4 liters volume filled with indicating 
anhydrous calcium sulfate. Remaining traces of mois- 
ture are removed in the second, smaller absorption tube, 
containing glass-fiber wool saturated with the more 
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effective phosphorous pentoxide. 
desiccants is prevented by directing the flow upward 
and using a filter at the exit. 

The accuracy required of a standard necessitates 
near-perfect heat stability; this led to the use of three 
comparatively massive heat exchangers immersed in oil. 
Each consists of nearly 2 m of %& in. (9 mm) stainless 
steel tubing, wound in a loop and connected to the 
appropriate fittings on the steel block forming the 
“body” of the bridge. One is used at the bridge input 
and another in each branch, just upstream of the pres- 
sure taps and second nozzles. 

Temperature stability is further enhanced by immers- 
ing not just the heat exchangers, but virtually the entire 
bridge, in the thermostatically controlled oil bath. The 
oil is circulated by a centrifugal stirrer and maintained 
constant to +0.03 °C by electrical heaters immersed 
in it and controlled by a mercury thermoregulator and 
asensitive relay. This arrangement minimizes tempera- 
ture as a variable affecting pressure, despite the tem- 
perature drops accompanying flow through the up- 
stream orifices and the heat generated by absorption 
in the desiccators. 

The procedures for use of the Greenspan bridge, like 
its construction, are intended to yield a high degree of 
accuracy. Either side can be used as the test branch, 
by means of a multiple valve permitting a desiccator 
to be inserted in either the test or reference branch. 
Any accidental errors due to changes in the branches 
are minimized by the procedure which uses first one 
and then the other as the test branch. The manometer 
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can be set to bridge zero at any time when the multiple 
valve is operated to bypass the desiccant in both 
branches, so that the air samples in both branches are 
the same. 

The effect of sorption and desorption at the walls of 
the flow passages was regarded as a source of potential 
error. Sorption, however, was minimized by use of 
stainless steel and polytetrafluoroethylene tubing and a 
high rate of gas flow. 

The bridge is contained within a standard 19 X 26 in. 
(48 X66 cm) benchtop equipment cabinet, except for 
the vacuum pump and the taller laboratory-type barom- 
eter and manometer. The bridge draws approximately 
10 liters/min, usually of a sample obtained from a 
humidity generator. 

The Greenspan hygrometer was calibrated against the 
NBS gravimetric hygrometer at 20 points with excellent 
precision, the standard deviation being 0.06 percent of 
full scale. The precision was found to be 0.04 percent 
of full scale. 


* Continuous absorption hygrometry with a pneumatic 
bridge utilizing critical flow, by W. A. Wildhack, T. A. 
Perls, G Kissinger, and J. W. Hayes, Proc. 1963 
Symp. on Humidity and Moisture (in press, Reinhold 
Publ. Corp., New York, N.Y.) 

* A pneumatic bridge hygrometer for use as a working 
humidity standard, by L. Greenspan, Proc. 1963 Symp. 
on Humidity and Moisture (in press, Reinhold Publ. 
Corp., New York, N.Y.) 

* A versatile pneumatic instrument based on critical 
flow, by W. A. Wildhack, Rev. Sci. Instr. 21, 25-30 
(Jan. 1950). 


ELLIPSOMETRY SYMPOSIUM 


NBS Is SPONSORING a symposium on the use 
of the ellipsometer to measure the properties of 
surfaces and thin films. The symposium will 
be held at the Bureau’s Washington, D.C., labo- 
ratories on September 5 and 6, 1963. 

The ellipsometric technique is being increas- 
ingly applied by scientists working in fields such 
as metallurgy, corrosion, optics, polymers, bi- 
ology, and thin-film electronics. The symposium 
has been planned to assemble international au- 
thorities in the field who will discuss both theory 
Their papers and the discus- 


and application. 
sions, which will be collected in one volume, 
should provide a comprehensive treatment of the 
current state of the theory and art. 

The basis for ellipsometry is not new. The 
theory was developed in Europe in the 1880’s for 


studies of metal surfaces. In this technique, a 
beam of elliptically polarized light is reflected 
from a surface in such a way that the change in 
ellipticity of the light resulting from reflection 
can be measured. This parameter is related to 
the optical properties of surfaces and to the thick- 
ness and refractive index of any films on them. 
However, the relationship is quite complex, and 
calculations made from the data obtained with 


the technique are tedious, difficult to accomplish, 
and they are almost always used with approxima- 
tions. But in recent years the advent of the elec- 
tronic computer, which can automatically process 
these data, has greatly simplified the use of the 
ellipsometric technique. For this reason, the 
ellipsometer—of which several commercial types 
are now available in this country—provides a 
practical means for investigating modern-day 
problems that are continually arising in both sur- 
face chemistry and surface physics. 

Among those expected to present papers at the 
symposium are Prof. E. Abelés of the National 
Center of Scientific Research, Paris, France, who 
will talk on the optical properties of inhomoge- 
neous films; Prof. A. B. Winterbottom of the 
Physical Metallurgical Institute, Trondheim, Nor- 
way, who will discuss the growing applications of 
the ellipsometer for surface film formation 
studies; and Dr. A. Rothen of the Rockefeller In- 
stitute for Medical Research, New York, N.Y., 
who will give the historical background on the 
development of the ellipsometer. 

About 18 scientific papers will be presented at 
the morning and afternoon sessions that have 
been scheduled for the two-day symposium. 
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A GRAVIMETRIC hygrometer making possible ex- 
tremely accurate humidity measurements has been de- 
veloped by Arnold Wexler and Richard Hyland of the 
mechanical instruments laboratory. The device * per- 
mits actual measurement of the mass of water vapor in 
a given mass of gas, rather than measurement of the 
effects of humidity. This hygrometer thus brings a 
previously unobtainable precision to measurements of 
humidity and serves as a reference standard for the 
calibration of other instruments. 

Calibration of instruments for measuring humidity 
has suffered from the difficulties of making accurate 
fundamental humidity measurements. There has been 
no convenient way to make comparison measurements 
of humidity levels in the way that dimensions are meas- 
ured with micrometers or gage blocks, and voltages 
with potentiometers and standard cells. The increasing 
use of humidity measurements has created a need for a 
humidity standard, defined by readily measurable 
quantities, that could provide a basis for instrument 
calibration. 


Gravimetric Hygrometry 


Scientists have recognized that a fundamental ap- 
proach to the measurement of humidity would involve 
removing all the water from a gas sample and weighing 


Top: Richard Hyland operates switch placing the highly 
accurate NBS gravimetric hygrometer into its automatic 
sequence of operation. It will draw a steady flow of the 
sample gas through its drying train. The humidity con- 
tent of the sample will be computed from the measured 
weight gain of the drying train and the volume sampied. 
Bottom: Hyland has released fittings holding absorption 
“U-tube” in gravimetric hygrometer and is removing it 
for weighing, without touching it. Gain in U-tube 
weight is due to moisture absorbed from known volume 
of gas sample passing through it; these and other data 
permit humidity calibrations at very high accuracies. 


122 


Symposium Report 


* GRAVIMETRIC HYGROMETER 


for prec 


ise measurement of humidity 


it, as well as determining the density and volume of the 
dry sample. The precision desired for humidity cali- 
brations makes it necessary to compensate for varia- 
tions in parameters having minute effects, such as 
changes in buoyancy of the absorption tubes and 
weights, changes in mass of gas sealed in the absorption 
tubes, moisture sorption and static charge on the tubes, 
and changes in the density of the dry gas sample. 
Compensation for these variables is provided in the 
procedures for using the NBS gravimetric hygrometer. 

The NBS gravimetric hygrometer provides an aver- 
age value of the humidity of the gas sample by remov- 
ing, for weighing, the moisture from a sample flowing 
at a constant rate through a series of absorption tubes 
and into an evacuated cylinder of known volume. The 
humidity can be computed from the known amounts of 
the gas sample and the moisture removed. The sample 
gas flowrate is normally maintained at about 2 liters 
/min; thus the filling time for the 30 liter cylinder is 
15 min or longer. Although it can be operated for 
one filling only, in some cases it is operated for periods 
up to 30 hr by automatically replacing each cylinder 
when nearly full with one previously evacuated. This 
requires that it be used with a humidity generator 
capable of producing extremely constant levels of 
humidity. 


Drying Train 


Moisture is removed by a drying train composed of 
three U-shaped absorption tubes connected in series. 
Each tube is filled with anhydrous magnesium perchlo- 
ride or phosphorous pentoxide, topped off with a plug 
of glass wool and closed with a hollow-plug stopcock at 
each end. The absorption tubes are connected into the 
system by inserting the side arms into fittings having 
neoprene O-rings which are compressed to form a seal. 

Elaborate precautions are observed in using the ab- 
sorption tubes to prevent any changes in weight other 
than those due to retention of moisture from the sample. 
The absorption tubes are never touched with the bare 
hand, but are held by a lint-free tissue. The stopcocks 
are opened only after the absorption tubes are secured 
in place and closed after the sample is taken. 

Virtually all of the moisture is removed from the 
sample in the first two U-tubes; only they are weighted 
to determine the amount of moisture collected. The 
third U-tube serves as a guard, preventing moisture dif- 
fusion through it in either direction. The U-tubes are 
weighed on balances against volumetrically and gravi- 
metrically similar tares, using Class M weights— 
normally used as high-precision laboratory references— 
rather than working weights. 


Gas Volume Measurement 


The flow of the sample gas through the hygrometer 
system is maintained at the desired rate by drawing it 
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into one of two stainless-steel cylinders of accurately 
known volume. 
sample gas the other previously evacuated one is substi- 
tuted for it. The automatic exchange of cylinders is 
governed by an electronic sequencing unit which oper- 
ates solenoid valves which in turn control the air-accu- 
ated cylinder valves. 

The humidity computation requires that the mass of 
gas passing through the drying train be known. This 
is determined from the number of times the cylinders 
are filled, the cylinder volumes, and the pressure and 
temperature measured in each cylinder when filled. 

When the cylinder drawing the sample through the 
system reaches a pressure of 700 mm Hg (nearly at- 
mospheric pressure), the rising mercury column of a 
barometer indicating cylinder pressure cuts off a light 
beam between a bulb and photoelectric device straddling 
the barometer tube. This causes the control circuits to 
switch the cylinders rapidly so that the evacuated one 
then draws the gas through the hygrometer. Mean- 
while the filled cylinder is allowed to come to temper- 
ature and pressure equilibrium, these parameters are 
measured, and the cylinder is then evacuated to ap- 
proximately 20u Hg. It is held in this condition until 
the other cylinder has finished filling, at which time the 
two are automatically interchanged. 

The temperature stability is obtained in part by the 
use of both immersion heaters and a cooling system, the 
latter set so that it would, by itself, slowly cool the main 
oil bath. The thermostatically controlled immersion 
heaters in the oil bath provide the initial heating to op- 
erating temperatures and thereafter supply only the 
heat needed to maintain the bath at exactly the desired 
temperature. 

The 950 liters of oil is contained in a large (2 m long, 
7% m wide, and 11/4 m high), stainless steel-lined bath 
having styrofoam insulation between its double walls. 
The oil is kept at the same temperature throughout by 
being circulated by two centrifugal pumps. It is 
cooled by being continuously pumped from the main 
bath through stainless steel tubing immersed in the oil 
of a smaller, refrigerated oil bath. The rather massive 
main oil bath is mounted on casters to permit moving 
and servicing. 


Flushing the Pneumatic System 


The pneumatic lines and devices of the gravimetric 
hygrometer are flushed with clean, dry air before a 
hygrometric run is started, to remove any residual 
moisture. The flushing air is passed through its own 
drying train, composed of three absorption tubes, be- 
fore reaching the lines and components to be flushed. 

The flushing gas is obtained at greater than atmos- 
pheric pressure and flows without use of the evacuated 
cylinders. A bypass system is used to vent the flushing 
gas into the atmosphere, after it passes through the 
main drying train. 


Procedures for Use 


The gravimetric hygrometer is prepared for use by 
bringing the oil bath to operating temperature and 
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When one cylinder is filled with the © 


flushing the main drying train. The main oil bath 
immersion heaters are set fos maximum heating until 
operating temperature is reached, at which time heating 
is reduced and thermostatically controlled to just hold 
the desired temperature with the cooling system started. 

Flushing is accomplished with glass tubing installed 
in the main drying train in place of the U-tubes and 
with the flushing drying train absorption tubes in place. 
The flushing train stopcocks and a vent to the atmos- 
phere downstream of the main drying train are opened 
and the flushing gas adjusted for a flow of about 1 liter/ 
min. After flushing, the gas flow is cut off, the stopcocks 
and vent are closed, the main train U-tubes (previously 
filled and weighed) installed, and their stopcocks 
opened. 

The actual measurement is made by evacuating both 
cylinders, opening the valve to the gas sample, and plac- 
ing the hygrometer in automatic operation. The oper- 
ator records the temperature and pressure in each 
cylinder, after equilibrium has been reached for each 
filling cycle. The run is terminated at the desired num- 
ber of cycles by closing the evacuation valves to the 
cylinders just as the last cycle is started. The auto- 
matic cycling will finish when both cylinders are filled. 

The main drying train stopcocks are closed when the 
flow of sample gas ceases and the first two U-tubes are 
removed and weighed, using an equal-arm semi-micro- 
balance and Class M weights. The weighing of each 
U-tube is repeated at least three times, to arrive at an 
average weight. Subtracting the original weight for 
each U-tube yields its gain in weight due to moisture 
obtained from the sample. 


Computation of Humidity 


The humidity of the sample is computed using form- 
ulas developed to correct for all measurable variants 
affecting the gas volume and water vapor weight. 
Thorough analysis of the possible errors has resulted 
in many detailed corrections and many procedures for 
avoiding some errors. 

Meticulous care in cleaning, handling, and filling the 
main train U-tubes is obviously required; other pro- 
cedural steps are intended to minimize effects of static 
charge and convective currents within the balance case 
when weighing. Weighing errors are further mini- 
mized by weighing with a tare, and using a correction 
developed for differences between U-tube and tare 
buoyancies. 

The errors involved in all the separate measurements 
and procedures have been assessed and summed. It is 
estimated that the humidity can be determined with a 
maximum error of 12 parts in 10* (0.12 percent). This 
accuracy has led to use of the gravimetric hygrometer 
at the Bureau as a humidity standard, in conjunction 
with a stable humidity generator, for calibrations of 
other instruments. 


Further technical information may be obtained 
from the paper by A. Wexler and R. Hyland, The NBS 
standard hygrometer, to be published in Proc. 1963 
Symp. on Humidity and Moisture (in press, Reinhold 
Publ. Corp., New York, N.Y.). 
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STRATOSPHERE MOISTURE 
probed by infrared spectroscopy 


THE BUREAU has devised a method for determining 
the moisture in the stratosphere at heights above 15 km, 
the limit of previous balloon soundings.’ The method, 
worked out by D. M. Gates of the Bureau’s Boulder 
(Colo.) Laboratories, is based on the evaluation of 
data obtained from infrared spectrometers carried aloft 
by balloons. These data are used to compute the 
amount of precipitable moisture in the line-of-sight path 
from the spectrometer to the sun. First findings indi- 
cate that the upper atmosphere contains extremely 
small amounts of moisture. Further instrumented 
flights will be made to determine the uniformity of 
atmospheric humidity; such data will be of value in 
radio propagation studies. 

The constitution of the atmosphere is well known at 
heights accessible to man or to which he has sent instru- 
ments. Atmospheric humidity measurements to date 
have been made by hygrometers and recorders which 
have been sent aloft and recovered on their return to 
earth. This method has provided reliable measure- 
ments up to about 15 km (nearly 50,000 ft) and less 
reliable results above this altitude, but no information 
above 30 km. 

Scientists are particularly interested in determining 
the concentration of water vapor at heights greater than 
those at which our weather is made. Water vapor at 
these higher altitudes determines the absorption and 
re-emission of radiant energy in the stratosphere and 


thereby stratospheric temperatures. Scientists will find 
a “profile” of the water vapor concentration at various 
heights above the earth useful for understanding atmos- 
pheric processes. 


Humidity Measurements by Infrared 
Spectroscopy 


Water vapor selectively absorbs certain frequencies 
passing through it; the greater the concentration of 
water vapor, the greater the absorption at these discrete 
bands and lines. This absorption is a consequence of 
the vibration-rotation bands in the near infrared and 
the pure rotation spectrum in the far infrared. If the 
radiation from the sun is known to be evenly distributed 
over part of its spectrum, a spectroscope can be used 
to determine at what frequencies the radiation has been 
absorbed en route and the absorbents can thus be identi- 
fied. 

Several strong lines in the vicinity of 33.0 » wave- 
length can be readily used to indicate the presence of 
water vapor in the radiation path. Evaluation of how 
much light energy is missing at these frequencies (how 
“black” the spectroscopic presentation is at these lines) 
can be used to calculate how much water vapor the 
light must have passed through on its path toward the 
earth. This calculation was facilitated by computing 
total precipitable water vapor above various altitudes 
for specific assumed mixing ratios, and the transmission 
for any frequency at varied water vapor concentrations.” 
The latter calculation was based on the quantum me- 
chanics of water vapor molecules and the absorption 
caused by the v,, 2v., and v; vibration rotation bands 
of the water vapor molecule near 2.7 p. 

Using high-resolution spectrum data recently ob- 
tained by C. Cummings of the Canadian Armament 
Research and Development Establishment, Dr. Gates 
calculated that water vapor was present in a concentra- 
tion of 30 » above the 15 km level. This value is for the 
slant path of 71° from the vertical; however, it is 
equivalent to only 9 » of water vapor straight up from 
the 15 km level. Analysis of additional spectra ob- 
tained by Houghton of Oxford from British aircraft 
flights shows a dry stratosphere with less than 10 p» of 
water vapor above 45,000 ft (nearly 15 km). Such 
small amounts indicate that the mixing ratio is less 
than 10-° g H,O/g air, if the water vapor is uniformly 
mixed above these heights. This necessitates that the 
stratosphere be very dry. 


Instrument package used in studies of upper atmosphere 
humidity is prepared for a balloon flight. The instru- 
mentation to be carried aloft includes an infrared spec- 
trometer, which is aimed at the sun by the sunseeker at 
the top of the assembly. Data are recorded on magnetic 
tape within the instrument package, for recovery when 
the package returns to earth. 
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Instrumentation for Spectroscopy 
Measurements 


Whether the dryness which appears to be typical of 
the upper atmosphere is always found above all types 
of surface and at all times of the year can be known 
only by continued measurements. Dr. Gates has been 
performing such experiments since 1955,* when he used 
a low-resolution prism spectrometer carried in flight 
by a balloon. Since that time his equipment has been 
extensively modified in response to the problems 
encountered. 

The present equipment for stratospheric spectro- 
scopic observations is an instrument package attached 
to a sunseeker suspended from the balloon. Principal 
components of the instrument package are an infrared 
spectrometer and a recorder. The spectrometer is 
evacuated before a flight to eliminate the effects of mois- 
ture within it. The sunseeker keeps the spectrometer 
aimed at the sun, while the spectrometric presentation, 
barometric pressure, observation elevation, and other 
data are recorded on magnetic tape by the recorder. 
The tape is recovered when the instrument package re- 
turns to earth so that the spectrometric data can be 
analyzed. 

The spectrometer is a grating instrument of the Ebert 
type; its presentation is scanned by a thermocouple 
detector, which is uniformly sensitive to radiation in 
the area of immediate interest. The thermocouple 
signal, which is proportional in level to received radia- 
tion at the frequency scanned, is amplified and re- 
corded. Earlier models of the spectrometer used an 


optical filter to eliminate scattered and’ higher, order 
radiation; this filter has been replaced in the present 
model by a predispersing prism monochromator, located 
between siinseeker and spectrometer. 

The original instrument scanned the far infrared 
spectrum from 25 to 35 m in approximately 4 min. 
Equipment now being prepared for flight will scan only 
from approximately 32.7 to 33.3 » in 2 min to obtain 
a higher signal-to-noise ratio. This range will include 
some strong lines ideal for water vapor determinations. 

The resolution of the spectrometer is limited by the 
size of the entrance spectrometer slit; slits of 3.0 cm 
(0.3 ») have been found to be inadequate to identify 
single absorbed lines and less than useful for low water 
vapor concentrations. The present equipment uses a 
slit width of 1.0 cm’ (0.1 »), providing sufficient 
resolution for the flights planned. It is hoped that 
perfection of the present equipment will make possible 
image resolution approaching 0.1 p. This resolution 
is expected to be required in determining water vapor 
content of the stratosphere above 35 km, a future goal. 


* Stratospheric moisture measurements using infrared 
spectroscopy, by D. M. Gates, Proc. 1963 Symp. on 
Humidity and Moisture (in press, Reinhold Publ. 
Corp., New York, N.Y.). 

*Line positions, strengths, and half-widths for water 
vapor bands 11, 2ve, and vs in the interval 2857 to 4444 
cm”, by D. M. Gates, R. F. Calfee, D. W. Hansen, and 
W.S. Benedict, NBS Tech. Note (in press). 

* Near-infrared solar radiation measurements by bal- 
loon to an altitude of 100,000 feet, by D. M. Gates, D. G. 
Murcray, C. C. Shaw, and R. J. Herbold, J. Opt. Soc. 
Am. 48, 1010-1016 (Dec. 1958) . 
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Radio Refractometry Applied to Humidity 


Measurements 


NBS SCIENTISTS have evaluated several methods 
of determining the humidity of air by measurements of 
its index of radio refractivity, and have developed one 
method to a relatively high degree of speed and ac- 
curacy. R. E. McGavin and M. J. Vetter of the Bu- 
reau’s Boulder (Colo.) Laboratories are using a version 
of the Vetter microwave refractometer for indications 
of absolute humidity with a relatively short time con- 
stant.1_ Preliminary tests indicate that an absolute ac- 
curacy better than +0.2 gram of water/m* of air is 
obtained by applying corrections for the sample tem- 
perature and barometric pressure. 

The radio refractive index of air has been studied ex- 
tensively, especially in recent years, because of its in- 
fluence on radio transmission. The refractive index of 
air is defined as the ratio of the velocity of a wave 
through free space to its velocity in air. Water vapor 
plays a significant role in the refractive index at radio- 
frequencies. The radio refractive index of air can 
either be measured directly or be computed as a func- 
tion of pressure, temperature, and water vapor. The 
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lack of precision in field humidity measurements and 
the conversions of parameters necessary to compute 
the radio refractive index led investigators to seek a 
direct method of measuring it. 

The devices which today are called radio refractom- 
eters were first devised to measure the dielectric con- 
stants of gases. Two instruments developed during the 
past decade operate by using the relationship between 
the resonance frequency of a microwave cavity and the 
contents of the cavity. The Crain refractometer, for 
example, compares the frequencies of two microwave 
oscillators; the cavity of one is sealed while the other 
is open to the air being sampled.? The difference in 
resonance frequencies is a measure of the difference in 
refractive index. The Birnbaum refractometer also 
uses reference and sample cavities, but they are passive 
elements activated by a single klystron swept at a linear 
rate over both of their resonant frequencies.* The two 
resonate at different frequencies since the refractive 
index of the contents of the sample cavity and reference 
are in general different; the time interval separating 
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The Vetter microwave refractometer, being demon- 
strated by M. J. Vetter, has been used for measurements 
of atmospheric humidity at the NBS Boulder Labora- 


tories. The refractive index value is converted to a hu- 
midity value by a computation involving correction for 
sample temperature and pressure. Primary advantages 
of this instrument are portability and speed of response. 


their instants of resonance is therefore a measure of the 
difference in refractive index of the reference and 
sample air. 

A third type of microwave refractometer, developed 
by M. J. Vetter, uses servofrequency control techniques 
to null the frequency difference between the reference 
cavity and the sampling cavity.* This refractometer 
is extremely stable and, unlike previous instruments, is 
capable of absolute calibration. Still other lightweight 
refractometers at lower frequencies have been developed 
for balloon-borne and drop sonde use. 

The microwave refractometer is preferred over the 
lightweight instruments because of its greater accuracy. 
The stability (and hence accuracy) is dependent on the 
constancy of its cavity dimensions, which determine the 
cavity resonant frequency. The temperature sensitivity 
of the cavity imposes a limit on the accuracy of meas- 
urements. For this reason present-day cavities are 
made of Invar, which has a temperature coefficient of 
approximately 1 part per million per degree Celsius 
(1/10%deg C). Temperature compensation incorpo- 
rated in the design of the cavities can reduce the coefh- 
cient by another power of 10. 

Since the radio refractive index can be expressed as 
a function of temperature, pressure, and vapor pressure, 
the absolute humidity can be expressed as a function of 
the radio refractive index (or refractivity), tempera- 
ture, and pressure. This relationship can be used 
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for humidity measurements (a) by preconditioning 
the air to constant conditions of temperature and pres- 
sure and measuring the refractivity variations cali- 
brated in terms of humidity. Alternatively, (b) cor- 
rections for local temperature and pressure can be ap- 
plied to the refractometer indication. In either case 
the restrictive condition is that there be no condensation 
in the sampling cavity, in which event the refractometer 
becomes inoperative. Preconditioning the air sample 
involves relatively complex heat-exchange and temper- 
ature-stabilization components. In such a system the 
effect of the cavity temperature coefficient is so greatly 
reduced the instrument could be considered for use 
as an absolute hygrometer, and possibly as a laboratory 
standard. 

Procedures required to precondition the sample make 
a refractometer using this method not only insensitive 
to variations in fine structure of humidity but also less 
adaptable to gradient measurements of humidity. To 
obtain the desired sensitivity and flexibility for field 
humidity measurements the Bureau scientists selected 
the Vetter refractometer for a preliminary hygrometer. 
Corrections to the refractometer output for variations 
in local temperature and pressure were applied by ap- 
propriate circuitry. 

This preliminary model of a microwave hygrometer 
was analyzed for accuracy. Using relatively simple 
temperature and pressure transducers, and using a cav- 
ity with a temperature coefficient of 0.1 N units per 
degree an accuracy of within +0.2g/m* in the meas- 
urement of the absolute humidity was obtained. This 
is equivalent to approximately a +2 percent accuracy 
in the measurement of the absolute humidity at average 
sea level conditions and perhaps within +15 percent 
under arid conditions. 

Preliminary results with this device indicate that ac- 
curate measurements of humidity can be achieved with 
refractometers. Except where the water vapor density 
is very low, i.e., less than 1 g/m’, this method is su- 
perior to most conventional methods especially where 
adequate frequency response is desired. 


*Radio refractometry and its potential for humidity 
studies by R. E. McGavin and M. J. Vetter, Proc. 1963 
Symp. on Humidity and Moisture (in press, Reinhold 
Publ. Corp., New York, N.Y.). 


* Apparatus for recording fluctuations in the refrac- 
tive index of the atmosphere at 3.2 centimeters wave- 
length, by C. M. Crain, Rev. Sci. Instr. 21, 456-457 
(May 1950). 


A recording microwave refractometer, by C. Birn- 
baum, Rev. Sci. Instr. 21, 169-176 (Feb. 1950). 


*An absolute microwave refractometer, by M. J. Vet- 


ter and M. C. Thompson, Jr., Rev. Sci. Instr. 33, 
656-660 (June 1962). 
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RADIO REFRACTOMETER USED ° 
TO STUDY WATER VAPOR TURBULENCE 


NBS scientists have applied the findings of a recent 
study of the microwave refractometer ' to a study of 
water-vapor turbulence in the atmosphere.’ Prelimi- 
nary experiments performed by physicists B. R. Bean 
and R. E. McGavin, of the Bureau’s Boulder Laborator- 
ies, have verified mathematical relationships among 
temperature, pressure, humidity, and radio refractive 
index. The comparison of conventional atmospheric 
measurements and radio refractive index measurements 
has demonstrated significant relationships which have 
prompted further study. 

Measurement of water vapor in the field, as opposed 
to that in the laboratory, has always been difficult, but 
recent studies at the Bureau’s Central Radio Propaga- 
tion Laboratory have shown the radio refractometer to 
be useful for this purpose. Conventional sensors are 
limited in the high frequency response necessary for 
measurement of the fine structure of humidity in the 
atmosphere, but the radio refractometer has a fast 
response time lending itself to this measurement. Data 
thus obtained are of interest not only for use in radio 
propagation research but also for gaining further 
familiarity with the physics of the atmosphere. 

The radio refractive index of air is a function of tem- 
perature, pressure, and humidity. It has been found 
experimentally that, for the samples investigated, 97 
percent of the short-term, or higher-frequency, varia- 
tions in refractive index arise from changes in humidity 
content. The two properties are highly correlated; in 
general any flux in refractive index will be proportional 
to the flux of the water vapor density. 

To test this relationship, measurements of all the 
parameters involved were made at three levels of a 
50-meter tower at the Boulder (Colo.) Laboratories. 


Temperature and humidity were determined from wet- 
and dry-bulb thermocouples, pressure from strain-gage 
pressure transducers, horizontal wind speed from cup 
anemometers, the vertical wind from a bivane indicating 
the wind’s angle of attack, and refractive index by both 
the Vetter absolute refractometer and the Birnbaum 
refractometer. 

The time constants for the different systems of meas- 
urement were matched and the 2.2-second sampling 
time selected to exceed the maximum time constant 
among the systems measured. Various combinations of 
parameters were compared with variation in radio 
refractive index. The correlation coefficient between 
refractivity and absolute humidity flux was found to be 
approximately 0.8. 

It was shown that the turbulence characteristics of 
the radio refractive index at the three levels reflected 
the turbulence characteristics of the absolute humidity. 
Further investigation showed also that as was expected 
the stability of the atmosphere was reflected prominently 
in the low-frequency end of the energy spectra of the 
samples studied. ” 

The radio refractometer has thus been shown to be of 
definite value in the measurement of water vapor tur- 
bulence. Future work will include a study of the 
behavior of fefractivity flux by application of present 
information concerning water vapor flux as well as the 
exploration of the characteristics of water vapor flux 
by radio refractometer measurements. 


* See Radio refractometry applied to humidity measute- 
ments, pp. 125-126 of this issue. 

*The use of radio refractometers to measure water 
vapor turbulence, by B. R. Bean and R. E. McGavin, 
Proc. 1963 Symposium on Humidity and Moisture (in 
press, Reinhold Publ. Corp., New York, N.Y.). 
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A high-latitude investigation of the natural very-low-frequency 
electromagnetic radiation known as chorus, J. H. Pope, J. 
Geophys. Res. 68, No. 1, 83-99 (Jan. 1, 1963). 

Comparative measurements on polystyrene with three different 
equilibrium ultracentrifuges, D. McIntyre, L. C. Williams, 
P. E. Haxner, H. G. Kim, F. N. Weber, R. F. Bunting, and 
D. W. Kurke, J. Polymer Sci. 62, No. 174, S136-S140 (Dec. 
1962). 

The reactions of methyl radicals with aromatic compounds. 
I. Toluene, ethylbenzene, and cumene, I. B. Burkley and R. E. 
Rebbert, J. Phys. Chem. 67, No. 1, 168-169 (Jan. 1963). 

A comparison of direct and servo methods for utilizing cesium 
beam resonators as frequency standards, R. E. Beehlerr, W. R. 
Atkinson, L. E. Heim, and C. S. Snider (Intern. Conf. Preci- 
sion Electromagnetic Measurements, Boulder, Colo., 1962), 
IRE Trans. Instr. I-I¥, 231 (Dec. 1962). 

Image-gloss test; Apparatus and procedure, W. N. Harrison, 
Proc. Porcelain Enamel Inst. Forum 23, 154-163 (1962). 
Safety levels in military inventory management, F. L. Alt, 

Operations Res. 10, No. 6, 786-794 (Dec. 1962). 

Size-dependent spin lattice relaxation time, P. H. Fang, Phys. 
Rev. 129, No. 4, 1548-1549 (1963). 

Mathematical services for standards laboratories, A. T. McPher- 
son, Rev. Math Fisica Teorica XIV, Series A, Publ. 861, Nos. 
1 & 2, 277-285 (Univ. Nacional de Tucuman, Argentina, 
1962). 

Artificial heating of the electrons in the F region of thé iono- 
sphere, D. T. Farley, Jr., J. Geophys. Res. 68, No. 2, 401- 
413 (Jan. 15, 1963). 

Some stochastic processes in polymer systems, J. Mazur, J. 
Chem. Phys. 38, No. 1, 193-201 (Jan. 1, 1963). 

On the three-particle scattering operator in classical gases, J. 
Weinstock, Physics Letters 3, No. 6, 260-262 (Feb. 1, 1963). 

Cryogenic impurity adsorption from hydrogen, M. J. Hiza, 
Chem. Eng. Progr. 56, 68-71 (Oct. 1960). 
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Rotational, vibrational, and electronic energy transfer in the 
fluorescence of nitric oxide, H. P. Broida and T. Carrington, 
J. Chem. Phys. 38, No. 1, 136-147 (Jan. 1, 1963). 

Shear strength of beams without web reinforcement contain- 
ing deformed bars of different yield strengths, R. G. Mathey 
and D. Watstein, J. Am. Concrete Inst. 60, No. 2, 183-207 
(Feb. 1963). 

Corrosion resistance, G. A. Ellinger, Welding Handbook, 5th 
ae 6.1-6.72 (American Welding Society, New York, N.Y., 

Cryogenic testing of structural solids, R. M. McClintock, Eng. 
Quart. 2, No. 1, 28-35 (Feb. 1962). 

Thermometric cells for calibration of liquid-in-glass thermom- 
eters, D. P. Enagonio, Book, Temperature—Its Measurement 
and Control in Science and Industry 3, Pt. 2, 219-230 (Rein- 
hold Publ. Corp., New York, N.Y., 1962). 

Roger Joseph Boscovich and the combination of observations, 
C. Eisenhart, Actes Symp. Intern. R. J. Boskovic 1961, pp. 19- 
25 (1962). 

Observations of synchrotron radio noise at the magnetic equator 
following the high altitude nuclear explosion of July 9, 1962, 
G. R. Ochs, D. T. Farley, Jr., K. L. Bowles, and P. Bandyo- 
padhay, J. Geophys. Res. 68, 701-711 (Feb. 1963). 

The measurement of voltage by the use of the Stark effect, 
Y. Beers and G. L. Strine (Intern. Conf. Precision Electro- 
magnetic Measurements, Boulder, Colo., 1962), IRE Trans. 
Instr. I-II, 171 (Dec. 1962). 

Tentative U.S. Standard for colors of signal lights, F. C. Brech- 
enridge, Illum. Eng. 57, 575-576 (Sept. 1962). 

The sequence selection problem in the crystallization of poly- 
mers. I. Homopolymers, F. Gornick and J. L. Jackson, J. 
Chem. Phys. 38, No. 5, 1150-1154 (Mar. 1963). 

Comment of empirical inference of Doppler widths, R. N. 
Thomas, Astrophys. J. 137, No. 1, 38-40 (Jan. 1963). 

Uncertainties in calibrations, W. J. Youden, IRE Trans. Instr. 
I-II, Nos. 3 & 4, 133-138 (Dec. 1962). 

Reaction of oxygen with unkilned bone char at low tempera- 
tures (<300° C), F. G. Carpenter and V. R. Dietz, Proc. 
7th Tech. Session on Bone Chart 1961, p. 237 (Bone Char 
Research Project Inc., Charlestown, Mass., 1962). 

Horizons in dentistry, G. C. Paffenbarger, Frontiers of Dental 
Sci., pp. 122-128 (Natl. Sci. Teachers Assoc., Washington, 
D.C., Dec. 1962). 

Experimental determination of the frequency ratio of optical 
harmonics, H. S. Boyne and W. C. Martin, J. Opt. Soc. Am. 
52, No. 8, 880-884 (Aug. 1962). 

Detection of high altitude nuclear detonations using the VLF 
phase shift technique, A. G. Jean and D. D. Crombie, [EEE 
Trans. Nucl. Sci. NS-10, 242-253 (Jan. 1963). 

Ferroelectricity in the compound BiuTi;O.2, P. H. Fang and C. R. 
Robbins, Phys. Rev. 126, No. 3, 389 (1962). 

The reactions of methyl radicals with aromatic compounds. 
II. The xylenes, W. A. Saunders and R. E. Rebbert, J. Phys. 
Chem. 67, No. 1, 170-171 (Jan. 1963). 

Desorption of calcium and sulfate ions from revivified bone 
char. H. M. Rootare, V. R. Dietz, and F. G. Carpenter, Proc. 
7th Tech. Session on Bone Char, 1961, p. 293 (Bone Char 
Research Project Inc., Charlestown, Mass., 1962). 

Energy use and power demands in all-electric houses equipped 
with air-to-air heat pumps, J. C. Davis and P. R. Achenbach, 
ASHRAE J. 4, No. 9, 87-95 (Sept. 1962). 

Ferroelectric switching and the Sievert integral, P. H. Fang 
and I. R. Stegun, J. Appl. Phys. 34, No. 2, 284-286 (1963). 

The conjugacy of magnetic disturbance variations, G. M. Boyd, 
J. Geophys. Res. 68, No. 4, 1101-1013 (Feb. 13, 1963). 

Infrared spectrum of difluoramine, J. J. Comefore, D. E. Mann, 
L. J. Schoen, and D. R. Lide, Jr., J. Chem. Phys. 38, No. 2, 
461-463 (Jan. 1963). 

Homogeneous anionic polymerization. JI. Molecular weights 
of polystryrene initiated by sodium napthalene, M. Morton, 
R. Milkovich, D. McIntyre, and J. L. Bradley, J. Polymer 
Sci. 1, Pt. A., 443-459 (Jan. 1963). 

Relative power transmission characteristics of the ear and skull 
from hearing threshold data, E. L. Smith, Proc. Fourth Intern. 
Congr. on Acoustics, Part I, Paper H48 (Copenhagen, Den- 
mark, Aug. 21-28, 1962). 
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Polymer research at the U.S. National Bureau of Standards, 
Part I, G. M. Kline, SPE J. 19, No. 3, 278-283 (Mar. 1963) . 

Polymer research at the U.S. National Bureau of Standards, 
Part 2, G. M. Kline, SPE J. 19, No. 4, 403-408 (Apr. 1963). 

Radiation and the world we live in, L. S. Taylor, Radiology 80, 
No. 3, 358-368 (Mar. 1963). 

Natural and synthetic rubbers, E. J. Parks and F. J. Linnig, 
Anal. Chem. 35, No. 5, 160R-178R (Apr. 1963). 

Degradation of polymers, L. A. Wall and J. H. Flynn, Rubber 
Chem. Technol. XXXV, No. 5, 1157-1221 (Dec. 1962). 

Chemical and magnetic enhancement of perturbed lines in the 
violet spectrum of CN, H. E. Radford and H. P. Broida, 
J. Chem. Phys. 38, No. 3, 644-657 (Feb. 1, 1963). 

Profiles of Stark-broadened Blamer lines in a hydrogen plasma, 
W. L. Wiese, D. R. Paquette, and J. E. Solarski, Phys. Rev. 
129, No. 3, 1225-1232 (Feb. 1, 1963). 

Low-temperature thermometry, K. D. Timmerhaus, Book, Ap- 
plied Cryogenic Engineering (ed. R. W. Vance), Ch. 4, 
60-103 (John Wiley & Sons, Inc., New York, N.Y., 1962). 

Magnetic susceptibilities and dilution effects in low-spin d‘* 
complexes: Osmium (iv), R. B. Johannesen and G. A. Can- 
dela, Inorg. Chem. 2, 67-72 (1963). 

Wavelengths, energy levels, and pressure shifts in mercury 198, 
V. Kaufman, J. Opt. Soc. Am. 52, No. 8, 866-870 (Aug. 
1962). 

On the isomerization of isobutyl radicals, J. R. McNesby and 
ie ut Jackson, J. Chem. Phys. 38, No. 3, 692-693 (Feb. 1, 

963). 

New absolute null method for the measurement of magnetic 
susceptibilities in weak low-frequency fields, C. T. Zahn, Rev. 
Sci. Instr. 34, No. 3, 285-291 (Mar. 1963). 

The electrophoretic mobility of asphaltenes in nitromethane, 
J. R. Wright and R. R. Minesinger, J. Colloid Sci. 18, 223- 
236 (Mar. 1963). 

A method for measuring the instability of resistance strain gages 
at elevated temperatures, R. L. Bloss and J. T. Trumbo, ISA 
Trans. 2, No. 2, 112-116 (Apr. 1963). 

A suggestion for improving forecasts of geomagnetic storms, 
Y. Hakura and J. V. Lincoln, J. Geophys. Res. 68, No. 5, 
1563-1564 (Mar. 1, 1963). 


Observation of a 6300 A arc in France, America, and Australia, 
F, E. Roach, D. Barbier, and R. A. Duncan, Ann. Geophys. 
18, 390-391 (Oct.—Dec. 1962). 

Maximum efficiency of a two-arm waveguide junction, R. W. 
Beatty, IEEE Trans. Microwave Theory and Tech. MTT—11, 
94 (Jan. 1963). 

Intercomparison of national roentgen and gamma ray exposure- 
dose standards, H. O. Wyckoff, A. Allisy, G. H. Aston, G. P. 
Barnard, W. Hubner, T. Loftus, and G. Taupin, Acta Radiol. 
1, No. 1, 57-78 (Feb. 1963). 

Applications of a semiconductor-surface-state charge-storage 
device, L. J. Swartzendruber, Solid-State Elec. 6, 59-61 
(Pergamon Press, Inc., New York, N.Y., 1963). 

Audio-frequency compliances of prestressed quartz, fused silica, 
and aluminum, M. Greenspan and C. Tschiegg, Proc. Fourth 
Intern. Congr. on Acoustics, Part I, Paper P12 (Copenhagen, 
Denmark, Aug., 21-28, 1962). 

X-ray microscopy of polymers by point projection, S. B. New- 
man, Mod. Plastics 40, No. 7, 165-179 (Mar. 1963). 

Electric fields in the ionosphere and the excitation of the red 
lines of atomic oxygen, L. R. Megill, M. H. Rees, and L. K. 
Droppleman, Planetary Space Sci. 11, 45-56 (Jan. 1963). 

Ten-kilocycle pound-type klystron stabilizer, H. E. Radford, 
Rey. Sci. Instr. 34, No. 3, 304-305 (Mar. 1963). 

Microwave spectrum and structure of difluoramine, D. R. Lide, 
Jr., J. Chem. Phys. 38, No. 2, 456-460 (Jan. 15, 1963). 

International geophysical calendar for 1963, A. H. Shapley and 
J. V. Lincoln, J. Geophys. Res. 68, No. 4, 1157-1159 (Feb. 
15, 1963). 

Kihara parameters and second virial coefficients for cryogenic 
fluids and their mixtures, J. M. Prausnitz and A. L. Myers, 
Am. Inst. Chem. Eng. J. 9, No. 1, 5-11 (Jan. 1963). 

Standards and the microwave profession, J. M. Richardson, IRE 
Trans. Microwave Theory and Tech. MTT—10, No. 6, 413-415 
(Nov. 1962). 

Transparent rigid mount for vacuum stopcock, M. M. Anderson, 
Rey. Sci. Instr. 34, No. 2, 178 (Feb. 1963). 


July 1963 


Delay time of polar-cap blackout and its relation to decay time 
ol geomagnetic disturbance, C. S. Warwick, J. Geophys. Res. 
68, No. 5, 1561-1562 (Mar. 1, 1963). y 

Electrolytic conductance of ammonium dihydrogen phosphate 
solutions ifi the saturation region, J. L. Torgesen and A. T. 
Horton, J. Phys. Chem. 67, 376-381 (1963). 

Design of low voltage electron guns, J. A. Simpson and C. E. 
Kuyatt, Rev. Sci. Instr. 34, No. 3, 265-268 (Mar. 1963). 

Determination of source self-absorption in the standardization 
of electron-capturing radionuclides, S. B. Garfinkel and 
J. M. R. Hutchinson, Intern. J. Appl. Radiation and Isotopes 
13, 629-639 (1962). 

Thermometry, low temperature, R. P. Hudson, Encyclopaedic 
Dictionary of Physics 7, 323-325 (1962). 

Standards for the 70s, W. A. Wildhack, Ind. Res. 5, No. 3, 15-20 
(Mar. 1963). 

Effect of outdoor exposure on some properties of chrome-retanned 
leather, T. J. Carter, J. Am. Leather Chemists Assoc. LVIII, 
No. 3, 155-160 (Mar. 1963). 

Nuclear orientation, E. Ambler, Book, Methods of Experimental 
Physics 5, Sec. 2.4.2.3, 162-214 (Academic Press Inc., New 
York, N.Y., 1963). 

APPA-TAPPI reference material program IJ. Effectiveness of 
a reference material in reducing the between-laboratory vari- 
ability of TAPPI standard T 414 m—49 for internal tearing 
resistance of paper, T. W. Lashof, TAPPI 46, No. 3, 145-150 
(Mar. 1963). 

Some characteristics of a simple cryopump, L. O. Mullen and 
R. B. Jacobs, 1962 Trans. Ninth Natl. Vacuum Symp., Am. 
Vacuum Soc., pp. 220-226 (1963). 

The ionosphere over Antarctica, W. R. Piggott and A. H. Shap- 
ley, Antarctic Research, Geophysical Mono. 7, pp. 111-126 
(1962). 

Measuring plasma density of the magnetosphere, K. L. Bowles, 
Science 139, 389-391 (Feb. 1963). 

Mean first-passage times and the dissociation of diatomic mole- 
cules, K. E. Shuler and G. H. Weiss, J. Chem. Phys. 38, 
No. 2, 505-509 (Jan. 15, 1963). 

The personal side of a research project, A. T. McPherson, J. 
Wash. Acad. Sci. 53, No. 3, 63-66 (Mar. 1963). 

Infrared absorption spectra of carbon suboxide and malono- 
titrile in solid argon matrices, L. L. Ames, D. White, and D. E. 
Mann, J. Chem. Phys. 38, No. 4, 910-917 (Feb. 15, 1963). 

Interactions matrix element in a shell model, U. Fano, F. Prats, 
and Z. Goldsmith, Phys. Rev. 129, No. 9, 2643-2652 (Mar. 
16, 1963). 

Electron impact ionization of atomic hydrogen, S. Geltman, 
M. R. H. Rudge, and M. J. Seaton, Proc. Phys. Soc. 81, 
Pt. 2, No. 520, 375-378 (1963). 

U.S. participation in international standardization, A T. Mc- 
Pherson, ASTM Mater. Res. Stds. 3, No. 4, 310-311 (Apr. 
1963). 

Experimental investigation of Fabry-Perot interferometer, R. W. 
Zimmerer, Proc. IEEE 51, 475-476 (Mar. 1963). 

Effective diffusion constant in a polyelectrolyte solution, J. L. 
Jackson and S. R. Coriell, J. Chem. Phys. 38, No. 4, 959-968 
(Feb. 15, 1962). 

Electron attachment coefficients of some hydrocarbon flame in- 
hibitors, T. G. Lee, J. Phys. Chem. 67, 360-366 (1963). 
The measurement of moisture boundary layers and leaf transpi- 
ration with a microwave refractometer, D. M. Gates, M. J. 
Vetter, and M. C. Thompson, Jr., Nature 197, 1070-1072 

(Mar. 16, 1963). 

Indication limit, E. L. R. Corliss, Proc. Fourth Intern. Congr. 
Acoustics, Pt. I, Paper N22 (Copenhagen, Denmark, Aug. 
21-28, 1962). 

Nuclear resonance and the hyperfine field in dilute alloys of 
nickel in iron, R. L. Streever, L. H. Bennett, R. C. La Force, 
and G. F. Day, J. Appl. Phys. 34, No. 4, Pt. 2, 1050-1051 
(Apr. 1963). 

The history of Pt 27, E. Wichers, Book, Temperature, Its 
Measurement and Control in Science and Industry 3, Pt. 1, 
259-262 (Reinhold Publ. Corp., New York, N.Y., 1962). 

Some causes of resonant frequency shifts in atomic beam ma- 
chines. I. Shifts due to other frequencies of excitation, 


J. H. Shirley, J. Appl. Phys. 34, 783-788 (Apr. 1963). 
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Some causes of resonant frequency shifts in atomic beam 
machines. II. The effect of slow frequency modulation on 
the Ramsey line shape, J. H. Shirley, J. Appl. Phys. 34, 
789-791 (Apr. 1963). 

On the dependence of absorption coefficients upon the area of 
the absorbent material, E. D. Daniel, J. Acoust. Soc. Am. 35, 
No. 4, 571-573 (Apr. 1963). 

The role of the International Union of Pure and Applied Chem- 
istry, E. Wichers, J. Chem. Doc. 3, No. 7, 7-11 (1963). 
New scale of nuclidic masses and atomic weights, E. Wichers, 

Nature 194. No. 4829, 621-624 (May 19, 1962). 

Note on a subgroup of the modular group, M. Newman and 
J. R. Smart, Proc. Am. Math. Soc. 14, No. 1, 102-104 
(Feb. 1963). 

Calibration of photogrammetric lenses and cameras at the 
National Bureau of Standards, F. E. Washer, Photogram- 
metric Eng. XXIX, No. 1, 113-119 (Jan. 1963). 

The orthobaric densities of parahydrogen, derived heats of 
vaporization and critical constants, H. M. Roder, D. E. Diller, 
L. A. Weber, and R. D. Goodwin, Cryogenics 3, 16-22 
(Mar. 1963). 

Melting pressure equation for the hydrogens, R. D. Goodwin, 
Cryogenics 2, No. 6, 1-3 (Dec. 1962). 

Isotopic fractionation of uranium in sandstone, J. N. Rosholt, 
W. R. Shields, and E. L. Garner, Science 139, 224-226 
(Jan. 18, 1963). . 

The total electron content of the ionosphere at middle latitudes 
near the peak of the solar cycle, R. S. Lawrence, D. J. 
Posakony, O. K. Garriott, and S. C. Hall, J. Geophys. Res. 
68, 1889-1898 (Apr. 1, 1963). 

Present status of our knowledge of atomic transition prob- 
abilities, W. L. Wiese, Proc. Tenth Colloquium Spectro- 
scopic Intern., pp. 37-56 (Univ. of Maryland, College Park, 
Md., 1962). 

Rubber and rubber products, W. P. Tyler and M. Tryon, Book, 
Industrial and Natural Products and Noninstrumental Meth- 
ods, 6th Ed., Standard Methods of Chemical Analysis IIB, 
Ch. 43, 2146-2226 (D. Van Nostrand Co., Inc., New York, 
N.Y., 1963). 

The formation and oxidation of high-area carbon films, V. R. 
Deitz and E. F. McFarlane, Proc. Fifth Carbon Conference 
If, 219-232 (Pergamon Press, Inc., London, England, 
1963). 

Pure substance and measurement, E. Wichers, Mater. Res. 
Stds. 1, No. 4, 314-315 (Apr. 1961). 

The specific heat at constant volume of parahydrogen at tem- 
peratures from 15 to 90° K and pressures to 340 atm, B. A. 
Younglove and D. E, Diller, Cryogenics 2, No. 6, 1-5 (Dec. 
1962). 

Radiation detectors, L. Costrell, Science 139, No. 3558, 899 
(Mar. 8, 1963). 

Intercomparisons of laboratory test results, J. Mandel, ISA 
Proc. 17, 44.3.62-1 to 44.3.62-5 (1962). 

Electron spin resonance of gamma-irradiated cellulose, R. E. 
aces and L. A. Wall, J. Polymer Sci. 1, Pt. A, 1163-1173 
1963). 

The speed of light, A. G. McNish, IRE Trans. Instr. I-11, 
Nos. 3 & 4, 138-148 (Dec. 1962). 

Fundamentals of measurement, A. G. McNish, Electro-Technol. 
93, 113-128 (May 1963). 

Optimum estimators of the parameters of negative exponential 
distributions from one or two order statistics, M. M. Sid- 


diqui, Ann. Math. Stat. 34, 117-121 (Mar. 1963). 
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Building a simple transistor tester, G. F. Montgomery, Elec- 
tronics 36, No. 16, 56 (Apr. 19, 1963). 

Electron microscopy studies of the surfaces of magnetic re- 
cording media, F. Nesh and D. B. Ballard, [IEEE Trans. 
Audio AU=11, No. 1, 15-18 (Jan. 2, 1963). 

Two-stream plasma instability as a source of irregularities in 
the ionosphere, D. T. Farley, Jr., Phys. Rev. Letters 10, 
279-282 (Apr. 1, 1963). ) 

A magnetic amplifier for use with diode logic, E. W. Hogue, 
Proc. IEEE 1963 Intern. Conf. Nonlinear Magnetics No. 
T-149, 8.6—-1 to 8.6-6 (Apr. 1963). 

Kinetics of the acid-catalyzed hydrolysis of acetal in water- 
acetone solvents at 15, 25, and 35°, R. K. Wolford, J. Phys. 
Chem. 67, 632-636 (1963). 

Performance characteristics of split-type residential air-to-air 
heat pumps, J. C. Davis and P. R. Achenbach, Suppl. Bull. 
Inst. Intern. Refrigeration, pp. 1-7 (1961-1962). 

Crystallographic changes with the substitution of aluminum for 
iron in dicalcium ferrite, D. K. Smith, Acta Cryst. 15, 
1146-1152 (Jan. 1963). 

Methods for the analysis of rubber and related products, M. 
Tryon and E. Horowitz, Handb. Analytical Chemistry, Sect. 
13, pp. 233-256 (McGraw-Hill Book Co., Inc., New York, 
N.Y., 1963). 

Pressure-density-temperature relations of freezing liquid para- 
hydrogen to 350 atmospheres, R. D. Goodwin, Cryogenics 3, 
12-15 (Mar. 1963). 


The following papers were published in the Proc. Intern. 
Conf. Ionosphere, London, 1962 (The Institute of Physics and 
The Physical Society, London, England) : 


A model of the atmosphere and the ionosphere in the E and 

F, regions, R. B. Norton, T. E. VanZandt, and J. S. Deni- 
son, pp. 26-34. 

Doppler studies of the ionospheric effects of solar flares, 
K. Davies, pp. 76-83. 

Ionospheric variations during geomagnetic storms, S. Mat- 
sushita, pp. 120-127. 

The location of the irregularities responsible for ionospheric 
scintillation of a radio source, H. J. A. Chivers, pp. 
258-266. 

Equatorial spread-F motions, W. Calvert, K. Davies, E. Stilt- 
ner, and J. T. Brown, pp. 316-322. 

Evidence for field-aligned ionization irregularities between 
400 and 1000 km above the earth’s surface, W. Calvert, 
T. E. VanZandt, R. W. Knecht, and G. B. Goe, pp. 
324-329. 

Experimental observations and theoretical calculations lead- 
ing to a model for the lower ionosphere, R. H. Doherty, 
pp. 428-434. 

Radio wave reflections at a continuously stratified plasma 
with electron collision frequency proportional to energy 
ae arbitrary magnetic induction, J. R. Johler, pp. 436— 

Very low frequency propagation in the earth-ionosphere 
waveguide of non-uniform width, J. R. Wait, pp. 446-451. 
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